Specification 
Title of the Invention 

This application claims benefit of Japanese 
Application No. Hei 11-199750 filed in Japan on July 14, 
1999, the contents of which are incorporated this 
reference . 

Background of the Invention 

The present invention relates to image pickup 
apparatus, and more particularly relates to an image pickup 
apparatus having a function for correcting false signals. 

In conventional solid-state image pickup apparatus 
using CCD image pickup device, there is a problem of image 
quality deterioration due to smears which occur as a 
phenomenon peculiar to CCD image pickup device when an 
intense light has been incident thereupon. In particular, 
such phenomenon occurs as charge not captured at its true 
charge accumulating region is caused to leak into the 
vertical transfer line across the potential barrier. If 
caused by an ordinary and steady light, such phenomenon 
occurs over a vertical transfer period. In the case of a 
spot light, it results in a vertical stripe extended up and 
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down therefrom. Also» if the image object includes a 
horizontally extended bright portion such as a scenic view 
containing the sky, a flare-like whitish image over the 
frame as a whole is the outcome, 

A method for example as disclosed in Japanese patent 
application laid open Hei-7-67038 has been known as the 
method for correcting such phenomenon. Noticing the fact 
that a smear occurs substantially at the same level along 
the vertical direction due to the principle of its 
occurrence, the output level of vertical OB (optical black) 
pixels, i.e., an optically concealed accumulating pixel 
region outside the effective pixel region, is determined as 
a smear eliminating reference signal which is subtracted 
from the pixel output signals of an effective frame. 

Specifically, the smear eliminating reference signal 
as disclosed in the same laid-open application is defined 
as line information (mean value data corresponding to 
pixels of one line) obtained by means of addition as mean 
values (the respective mean of every 12 vertical pixels) of 
signals of vertical OB pixels consisting of a plurality of 
lines (12 lines in an embodiment thereof), so as to reduce 
the effect of randomized noise contained in such reference 
signal. Hence a consideration is made in order not to cause 
an additional fixed pattern noise to the contrary due to 
the smear correction. 



Further, special drive methods are sometimes used in 
image pickup apparatus using CCD image pickup device. As a 
typical example of special drive, a description is given 
below with respect to a known "n-multiple rate vertically 
added drive (n-addition drive)" which is a high-speed, high- 
sensitivity readout drive. In this drive method, the number 
of pixels (transfer clock number) to be transferred to H 
(horizontal) transfer line from V (vertical) transfer line 
during each one H (horizontal) blanking period is set to a 
natural number n of two or more instead of the usual "1". 
The number of vertical lines corresponding to one frame is 
thereby set to 1/n. As a result, the readout time of one 
frame becomes 1/n, and the sensitivity is increased to be n 
times greater by charge addition at the time of transfer* 

It should be noted that, as a further developed form 
of this drive method, **m/n-addit ion drive" for selectively 
transferring only specified m ( ^ n) lines out of n lines to 
be added at the time of transfer from the vertical transfer 
line to the horizontal transfer line . (including "n-addition 
drive" as a special case, i.e,, "n/n-addit ion drive" where 
m=n) is also used in charge transfer to the V transfer line 
from the signal accumulating region of the pixels before V 
transfer, for the purpose of considering color coding 
pattern in a color image pickup device or of suitably 
adjusting the sensitivity. However, since these are 
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essentially identical as far as the explanation of the 
present invention is concerned, this specification will 
explain the case of m=n, i.e», the above described n- 
addition drive as the representative of these. 

Since the smear correction method described above as 
a prior-art technique premises a normal drive, it cannot be 
applied to an image pickup apparatus for performing special 
drive such as the above described n-addition drive. 
Specifically, suppose that subtraction and correction are 
made by obtaining a smear eliminating reference signal as " 
mean value data corresponding to pixels of one line" as 
disclosed in the above laid-open application. Since the 
smear component contained in the output signals of n- 
addition drive corresponds to *'n" lines due to addition at 
the time of transfer, the smear component corresponding to 
n-1" lines remains as a result without being eliminated. 
Further, if pixel defect occurs in the vertical OB pixels, 
such information is contained also in the smear eliminating 
reference signal. Hence there is another problem that 
additional fixed-pattern noise is newly caused to the 
contrary due to the correction. 

Summary of the Invention 

To solve the above described problems in the image 
pickup apparatus having the conventional smear correction 



means, it is an object of the present invention to provide 
an image pickup apparatus in which, even if a plurality of 
image pickup device drive modes are provided, a favorable 
smear correction can be performed in respect of each drive 
mode with reducing to a minimum such problems as occurrence 
of newly added noise due to the correction processing. 

In accordance with a first aspect of the invention, 
there is provided an image pickup apparatus, including: an 
image pickup device; correction reference signal generation 
means for generating a correction reference signal from 
output signals of a vertical optical black pixel portion of 
the image pickup device, for correcting effective image 
signals outputted as signal of an effective pixel portion 
of the image pickup device; image signal correction means 
for subtracting the correction reference signal from the 
effective image signals; and image pickup device drive means 
having a plurality of drive modes for driving the image 
pickup device to read pixel charge as an output signal. 
The correction reference signal generation means performs 
different types of correction reference signal generation 
processing in generating the reference signal, corresponding 
to the plurality of drive modes of the image pickup device 
drive means. 

By thus performing different types of correction 
reference signal generation processing corresponding to the 
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plurality of drive modes, the image pickup apparatus can be 
achieved as capable of favorable smear correction for each 
drive mode with reducing to a minimum such problems as 
occurrence of newly added noise due to the correction 
processing. The above object is thereby accomplished. 

It is another object of the invention to provide an 
image pickup apparatus having as drive modes a normal mode 
and n-addition mode, capable of favorable smear correction 
with reducing to a minimum such problems as occurrence of 
newly added noise due to pixel defect. 

In accordance with a second aspect of the invention, 
one of the plurality of drive modes of the image pickup 
apparatus according to the first aspect is a normal drive 
mode for severally reading out each pixel charge of the 
image pickup device and another is n-addition mode for 
reading out pixel charges of the image pickup device as 
vertically added for a predetermined number n (n being a 
whole number greater than 1). 

By using such construction, it becomes possible to 
perform favorable smear correction for normal mode and for 
n-addition mode with reducing to a minimum such problems as 
occurrence of newly added noise due to pixel defect. In 
other words, a true smear correction can be performed even 
at the time of an addition mode for example by performing a 
level processing of correction reference signal 
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corresponding to the added number. The above object is 
thereby accomplished . 

It is a further object of the invention to provide 
an image pickup apparatus in which a smear correction of 
high image quality can be performed without causing an 
occurrence of newly added noise due to pixel defect and at 
the same time with adequately suppressing the effect of 
randomized noise. 

In accordance with a third aspect of the invention, 
the image pickup apparatus according to the second aspect, 
even in n-addition drive mode, exceptionally performs 
readout by the normal drive mode for severally reading out 
each pixel charge when reading out the vertical optical 
black pixel portion. 

By using such construction, since, even in n- 
addition mode, readout by normal drive mode is 
exceptionally performed when reading out the vertical OB 
pixel signals, newly added noise due to pixel defect does 
not occur. Further it becomes possible to perform smear 
correction of high image quality with adequately suppressing 
the effect of randomized noise. The above object is 
thereby accompl ished . 

Brief Description of the Drawing 

Fig.l is a schematic block diagram showing the 
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construction of digital camera as a whole of a first 
embodiment of the image pickup apparatus according to the 
invention . 

Fig,2 schematically shows a sensor region of CCD 
image pickup device in the embodiment shown in Fig.i. 

Description of the Preferred Embodiments 

An embodiments of the present invention will now be 
described. Fig.i is a block diagram showing a digital 
camera as a first embodiment of the image pickup apparatus 
according to the invention. Included are: 1, lens system; 
2, lens drive mechanism; 3, exposure control mechanism; A, 
filter system; 5, CCD image pickup device; 6, CCD driver; 7, 
preprocess circuit including an analog-to-digital 
converter; 8, digital process circuit including a memory as 
hardware, for performing all the digital processing. Also 
shown are: 9, memory card interface; 10, memory card; 11, 
LCD image display system; 12, system controller including a 
microcomputer as its main component; 13, operation switch 
system; 14, operation display system including an indicating 
LCD; 15, strobe; 16, lens driver; 17, exposure control 
driver; 18, EEPROM. 

In thus constructed digital camera, all the control 
is generally performed by the system controller 12 which, in 
particular, controls a shutter device in the exposure 
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control mechanism 3 and drive of the CCD image pickup 
device 5 by the CCD driver 6 to perform exposure (charge 
accumulation) and readout of signals. These are stored to 
the digital process circuit 8 through the preprocess 
circuit 7 including an analog-to-digital converter. After 
subjected to all the necessary types of signal processing 
therein, these are then displayed on the LCD image display 
system 11 or recorded on the memory card 10. 

The types of signal processing to be performed at 
the digital process circuit 8 include smear correction 
processing using output level information of the vertical 
OB pixels which is a main subject of the invention. In 
particular, the digital process circuit 8 includes: a 
correction reference signal generating section 8-1 for 
generating a smear eliminating reference signal on the basis 
of the output level of vertical OB pixels; and an image 
signal correcting section 8-2 for correcting (eliminating 
smears of) image signals in an effective pixel region by 
using the smear eliminating reference signal. Further, a 
normal drive and an optional n-addition drive are performed 
in readout of image pickup signals by suitably changing the 
pattern of drive clock of the CCD driver 6 as required. 

Fig. 2 schematically shows a sensor region of the CCD 
image pickup device 5. The sensor region is consisting of 
an effective pixel portion EP forming an imaging area 
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consisting of a pixel array disposed substantially at the 
center, and VOB and HOB which are OB (optical black pixel 
portion) for determining black reference respectively in the 
vertical and horizontal directions. In the present 
embodiment, such optical black pixel portion "OB" is 
consisting of VOB, i.e., a vertical OB forming a pixel array 
of 12 lines in the vertical direction above the effective 
pixel portion EP and HOB, i.e., a horizontal OB of AO 
pixels horizontally on the right side of the effective 
pixel portion EP. These OB regions are constructed by 
covering a light-shielding film onto the sensor. Smears do 
exist also in such VOB as in the effective pixel portion 
EPo Usually, the imaging output signal obtained from VOB 
contains a smear signal at the same level as in the imaging 
output signal obtained from the effective pixel portion EP . 

Further, dummy bits DB , i.e., additionally provided 
vertical transfer lines corresponding to 12 lines, are 
provided at a lower end portion of the vertical transfer 
lines of the CCD image pickup device 5 directly before a 
horizontal transfer line (horizontal shift register) 101. 
This portion is optically shielded in a similar manner as 
the horizontal transfer line 101 and OB region. 
Accordingly, smears do not occur at the time of DB 
transfer. Referring to Fig. 2, numerals 102, 103 each 
represent an example of smear that occurs when correction 
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processing is not performed. 

It should be noted that the digital camera according 
to the present embodiment performs a movie (consecutive 
imaging) operation corresponding to a composition defining 
electronic finder and a still (static image taking) 
operation which is the main image taking. In the case of 
movie, the exposure time is controlled only by a so-called 
device shutter which is based on control of charge 
accumulation at the image pickup image pickup device. In 
the case of still, too, an exposure time control solely 
depending on the device shutter is used if it is difficult 
to also use a mechanical shutter for example at the time of 
sequential photographing. At least in these cases, 
therefore, smears do occur as described in the above 
described prior art example if correction is not performed. 

For this reason, the smear correction processing is to be 
applied at least to such cases. 

For ease and simplicity of explanation, the digital 
camera according to the present embodiment as will be 
described in the following does not have a mechanical 
shutter. All exposure time control is performed only by the 
device shutter including the case of taking a static image 
consisting of only one frame. In the case of movie 
operation of the digital camera according to the present 
embodiment, all the images respectively outputted at each 
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of the consecutive frames (or field in an interlaced 
scanning, hereinafter) are used for display. In the case of 
still operation, however, the image of only one frame or, 
for example in sequential photographing, of one frame per 
two frames at most is subject to recording (and display)* 
When n-addition drive is used, image pickup device drive and 
operation processing for the correction of smears are 
performed differently between at the time of movie 
operation and at the time of still operation. 

A description will now be given with respect to 
camera control by the system controller 12 with focusing on 
the processing directly related to smear correction in the 
digital camera according to the present embodiment. 
Address of fault pixels of the image pickup device 5 as 
previously determined by an inspection in its manufacturing 
process including that of those in OB region is stored in 
the EEPROM 18. The criterion of defect in the inspection, 
however, is different between that for the effective area 
and that for OB area. A stricter level condition is 
applied to that for OB area. Address information of fault 
pixels in the effective area is us.ed-in a known pixel 
defect compensation processing and description thereof will 
be omitted. 

After storing the imaging output signals 
corresponding to one frame obtained as sequentially reading 
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signal charges produced by an exposure in the above 
described respective operation to a predetermined memory 
region of the digital processing circuit 8, a smear 
eliminating reference signal is computed at the correction 
reference signal generating section 8-1 by using output of 
VOB, i.e., the vertical OB. Here, if without a pixel defect 
and in normal drive, the sum is calculated, as in the 
prior-art technique disclosed in the above cited laid-open 

^ application, of every 12 pixels having the same horizontal 

address (hereinafter: a pixel group consisting of such 12 
pixels being referred to as "rod'*) of the data of OB pixels 

Sh which constitute 12 lines. It is divided by the number of 

pixels, 12, to obtain a mean value. In other words, image 
signal of one line where each one pixel corresponds to the 

I u 

f3 mean value of each rod is defined as the smear eliminating 

"~ reference signal. 

The smear correction processing by the image signal 
correcting section 8-2 in the present embodiment is 
characterized in that drive mode and pixel defect are also 
considered in such processing. The method of drive for 
this is also contrived to perform different processing 
between movie operation and still operation. The case of n- 
addition drive will now be described with respect to 
processing at the time of movie operation and that at the 
time of still operation. 
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[1] Processing at the time of movie operation: 

The above described known n-addition drive is used 
as the drive method of the image pickup device uniformly 
for all the scan region including the OB region. 
Accordingly, both the pixels in OB region and the pixels in 
the effective region are respectively added for n, and the 
output pixel number (number of data units) at the time of 
readout of each rod is reduced to "12/n" (the quotient, a 
whole number, of 12 divided by n). At this time, depending 
on the value of n, etc*, those outputted include a signal 
data where charges are added of pixels of VOB, i.e., 
vertical OB region and pixels of the effective region EP and 
a signal data where n pixel signals are not contained as it 
is positioned at an end. Those data as they are can be 
used neither as OB nor as effective output signal and 
become discard data which are not used as data. 

Before obtaining the sum of each rod for correction 
of smears, then, the address of the fault pixels stored in 
the EEPROM 18 is looked up. If there is a fault pixel in 
the pertinent rod, it is determined whether or not there is 
an output signal data obtained as addition of n units only 
of faultless pixels without including fault pixels. If 
there is, the sum (or the value as it is if there is only 
one) of data consisting only of such faultless pixels is 
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obtained. It is then divided by "what is obtained by 
subtracting the number of data including fault pixels from 
[12/n] (the number of data in rod), i.e., the number of data 
consisting only of faultless pixels in the pertinent rod" 
to obtain a mean value corresponding to n pixels only of 
the faultless pixels of the pertinent rod. In other words, 
the smear eliminating reference signal is formed as image 
signals at the time of n-addition drive corresponding to one 
line of the values obtained as mean values of readout data 
without containing fault pixels in each rod. Accordingly, 
in correcting smears at this time: (1) correction is 
performed of accurate level corresponding to drive mode; and 
(2) the fault pixels in OB region have no effect thereupon. 

On the other hand, if there are too many defects or 
if the value of n is large, it is possible that an n-added 
output signal data only of faultless pixels without 
including a fault pixel does not exist in respect of the 
pertinent rod. For example, since the number of output data 
of a rod becomes 1 in the case where n^7> "pixel number 
in rod"/2, the sate as described above occurs if at least 
one is defective out of n pixels corresponding to the data. 

In such a case, it is unavoidable, even if defect is 
contained, to obtain the sum of the data (or the value as 
it is if there is only one) by ignoring the defect. In 
this case, too, the effect of defect is relatively diluted 
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in the process of n addition and data summation operation, 
though the effect of the fault pixels cannot be totally 
eliminated • 

In other words, although the case of imperfect 
processing occurs depending on the presence of pixel 
defects as the condition may be, it is also possible unlike 
the prior-art technique to correspond to n-addition drive 
and to correct smears with an improved performance • Even 
this is sufficiently advantageous, since the movie operation 
ri in a still camera is mainly used in a composition defining 

7^ display, i.e., the so-called electronic view finder, etc. 

yi 

^ [2] Processing at the time of still operation: 

In this case, for the effective region EP , the above 

Q described known n-addition drive is used as the drive 

method of the image pickup device. For VOB, i.e., the 
vertical OB region, then, it is switched between normal 
drive and the n-addition drive for every other frame. A 
complete elimination is thereby achieved of the information 
of defect pixel which in some cases cannot be removed by 
the processing at the time of the above described movie 
drive . 

In this case, a frame that is subject to recording, 
etc., is the frame of which the effective pixeT region EP is 
read out directly after the performance of n-addition drive 
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with respect to VOB, Hereinafter this will be referred to 
as a first frame. In particular, suppose V transfer line as 
in its state directly before the readout onto the V 
transfer line by shift pulse of charges to be read out in 
such first frame. It is in an equivalent state as in the 
case of movie drive of the above described [1], since a 
certain type of n-addition drive has been performed for the 
duration of the drive of previous one frame. It is also 
similar when charges are shifted to read pixel charges 
corresponding to the effective region EP of the first frame 
so that data added by n-addition drive are outputted in a 
similar manner as in the movie drive. After the completion 
of such readout of the effective region EP, from the point 
in time at which pixel charge of VOB region is first 
transferred onto the horizontal transfer line, pixel 
signals are read out with switching to a normal drive where 
the transfer pixel number (vertical transfer clock number) 
in a H blanking period is "1". After the completion of 
such VOB readout, the processing is returned to the 
original n-addition drive again. Thereafter, in the case 
where consecutive images are additionally required, VOB of 
the next frame is read out with keeping the n-addition 
drive, VOB of the frame directly after the next with 
changed again to the normal drive, and so on. 

At this time, in the state switched to the normal 



1 7 



drive, since all the pixel charges of VOB region have 
already been transferred down to the dummy bits DB which is 
an optically shielded portion, smears do not occur after 
this point in time. Here, when the pixel charges of such 
VOB region are being transferred through the effective 
pixel region EP, exactly the same n-addition drive is used 
as at the time of transfer of charges of the effective 
pixel region EP which have been previously read out in the 
first frame. Hence the smear component occurring in the 
VOB output signal is exactly the same as that in the 
effective pixel region EPo Accordingly, in generation of 
the smear eliminating reference signal, it suffices to 
consider only that the data has not been subjected to n- 
addition. Specifically, it is achieved in the manner as 
foil ows • 

First, before obtaining the sum of each rod, address 
data of fault pixels stored in the EEPROM 18 is looked up. 

If there is a fault pixel in the pertinent rod, such pixels 
are excluded and the sum is obtained only of the remaining 
faultless pixels. After multiplied by *'n", it is then 
divided by '*what (the number of faultless pixels in the 
pertinent rod) is obtained by subtracting the number of 
fault pixels from 12 (the total number of pixels in the 
rod)". A mean value is thereby obtained as that 
corresponding to addition of n pixels only of the faultless 
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pixels of the pertinent rod. In other words, the obtained 
smear eliminating signal is an image signal corresponding 
to one line, each pixel signal thereof having a value which 
is "n times the mean value only of faultless pixels in each 
rod". Accordingly, in correcting smears at this time: (1) 
correction is performed of suitable level corresponding to 
drive mode; and (2) the fault pixels in OB region have no 
effect thereupon. 

In this case, unlike the correction at the time of 
movie drive of [1], since data of VOB is read out 
separately for each pixel, an elimination of one pixel 
defect does not sacrifice other faultless pixels. It is 
thus significantly characterized in that it is, in 
actuality, always possible to generate the smear eliminating 
reference signal only from data of faultless pixels even 
when the defect of pixels is relatively greater in quantity 
or when the number of addition "n" is large. Further, since 
the divisor is adjusted after removing data of fault pixels 
so as to correspond thereto, an equal ratio is kept for the 
weight of faultless pixels in respect of the pertinent rod 
of each OB line contained in the smear eliminating reference 
signal. Hence it is superior also in that the advantage of 
reducing the effect of randomized noise is not adversely 
affected. In this manner, it is possible to keep a highly 
favorable quality of the image to be recorded at the time 
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of still operation. 

It should be noted that, when driven correspondingly 
to the still operation, normal drive (non-addition) readout 
of VOB is performed for one out of every two frames. 
Concerning the frame (hereinafter referred to as a second 
frame) of which the effective pixel region EP is read out 
directly after such normal drive readout of VOB, the image 
signal of the second frame during such VOB normal drive 
period is being transferred through the vertical transfer 
line within the effective pixel region EP . For and only for 
this period, it is transferred slower than it is in other 
periods with taking time that is n times greater. Hence, 
only those lines being just transferred in the vicinity of 
a bright object image at that time are to contain a smear 
component that is higher than, i.e., n times greater that of 
the other lines. This becomes a new factor in 
deterioration of image quality. Accordingly, since the 
image of the second frame is not suitable for recording, 
only the image of the first frame is selectively used in 
recording a still photograph. 

Thus obtained smear eliminating reference signal is 
used to correct smears concerning the effective pixel 
signals. In particular, an output after correction is 
obtained by subtracting the smear eliminating reference 
signal from each line data of the pixel signal read out 
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from the effective pixel portion EP. It is obvious that 
such subtraction is performed of pieces of data having the 
same horizontal address. 

The image signal of the effective pixel region EP 
after the smear correction processing is furthermore 
subjected to pixel defect compensation by a known pixel 
defect compensation means. Such processing is rendered at 
the digital process circuit 8 on the basis of fault pixel 
address data stored in the EEPROM 8. There is a 
significance in performing smear correction first and then 
defect compensation. If the order is simply reversed, a 
smear phenomenon itself and/or deterioration of image 
quality due to smear correction are caused for example when 
information of a pixel having a horizontal address 
different from that of the fault pixel is used in 
interpolation thereof . 

The image signal after processed of smear correction 
and compensation of pixel defect in the above described 
manner is suitably subjected to various signal processing 
and then displayed on the LCD image display system 11 or 
recorded on the memory card 10. The displayed or recorded 
image becomes a high quality image corrected of smears and 
hence without an apparent smear. 

Various other embodiments are possible in addition 
to the above described first embodiment. In an example. 
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the present invention is applied to a so-called movie camera 
(video movie) which is mainly used to take dynamic images • 

Since the camera shown in the above first embodiment is the 
so-called digital still camera which is mainly used to take 
a static image, an attempt for solving the problem without 
depending on the present invention is also possible by also 
using an optical shutter such as mechanical shutter, at 
least if limited to taking of one frame of a static image. 
By contrast, since taking of dynamic images is the main in 
the case of a movie camera, there is a general requisite in 
design not to use an optical shutter including that for 
static image taking which is an additional function. Hence 
the advantage of the present invention is more conspicuous 
therein. 

Further, when processing of [1] and processing of 
[2] in the above first embodiment are compared with each 
other, the processing of [1] in the case of performing n- 
addition drive, though can correspond to consecutive image 
output, has a disadvantage that a problem due to pixel 
defect remains to some extent. The processing of [2] on the 
other hand, though superior in image quality, is incapable 
of corresponding to movie operation, since the most 
favorable image can be obtained only in the first frame (or 
one frame out of two frames at most). It should be noted 
that, for the normal drive corresponding to n=l , both [1] 
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and [2] signify the same processing and do not have such 
problem as those pointed out above. By noticing this, some 
modifications are possible as in the following. 

In a first modification, smear correction is not 
performed in the case of movie operation at the time of n- 
addition drive. In the first place, since V transfer in 
the case of n-addition drive is performed at a rate n times 
faster than that in the normal drive, the smear 'thereof is 
reduced 1/n as compared to that at the time of normal 
drive. Accordingly, the first modification is an example 
of rather selecting one without correction than causing a 
possibility of new noise occurrence due to the processing 
of [1] considering the fact that the movie operation at the 
time of n-addition drive is nothing but to be used for 
display . 

In a second modification, the processing of [2] is 
used also in the case of movie operation as in that of 
still. In this case, a smear of level higher than that of 
other lines as described above occurs at a portion of the 
image in the second frame. This, however, remains within a 
level substantially identical to the smear in the case of 
normal drive (the same before correction and (n-l)/n times 
after the correction). Also, in respect of regions, it 
occurs only in 12 lines (before addition or 12/n lines after 
the added readout) which are equal to the number of lines 
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of VOB containing highly bright spot. Hence such method 
can be employed if the effect thereof is judged as 
allowable. A caution is required, however, that a flicker- 
like noise is caused in the case of movie operation, since 
the above described high level smear does not occur in the 
first frame. 

In a third modification, while the processing of [2] 
is being used also in the case of movie operation as in 
2 still, the frame rate is compensated for by using a buffer 

M memory. In particular, while a rate **n" times that in the 

SI case of normal drive is obtained in the conventional n- 

m addition drive, a rate up to "n/2" times that in the case of 

a 

0 normal drive can be obtained by using only the images of 

%i 

M the first frames in the correction processing of [2]. By 

1 y 

Q using these as movie mode images, it can be achieved at the 

same time of securing image quality. For example, if n=12, 
movie images can be obtained at a rate 6 times greater. It 
should be noted that an additional component is not required 
if the digital process circuit 8 itself is caused to serve 
as the buffer memory. 

While, in the above described embodiment and 
modifications, images after smear correction are to be 
recorded, or be displayed for use in a monitor function 
(electronic view finder), they can be applied not only to 
these but also naturally to any optional purposes. Such 
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applications include as specific examples their 
application: in automatic control of various signal 
processing as represented by Automatic Gain Control and 
Automatic White Balancing; and as information in various 
automatic control functions such as Automatic Exposure, 
Automatic Focusing and Automatic Image Stabilizer* 

While some embodiments of the present invention and 
modifications thereof have been specifically described, the 
present invention is not limited to these and naturally can 
take any form within the scope as set forth in its claims. 

As has been described by way of the above 
embodiments, it is possible in accordance with the present 
invention to achieve an image pickup apparatus in which a 
true smear correction is performed and deterioration of 
image quality can be prevented even in the case of 
performing a special drive for example where lines are added 
in readout of image pickup signals. Particularly, in 
accordance with its first aspect, since different types of 
correction reference signal generation processing are 
performed corresponding to a plurality of drive modes, 
favorable smear correction can be performed for each drive 
mode with reducing to a minimum such problems as occurrence 
of newly added noise due to the correction processing. In 
accordance with its second aspect, it becomes possible to 
perform favorable smear correction for the normal mode and 
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for n-addition mode with reducing to a minimum such problems 
as occurrence of newly added noise due to pixel defect. In 
accordance with its third aspect, since, even in n-addition 
mode, readout by normal drive mode is exceptionally 
performed when reading out the vertical OB pixel signals, 
newly added noise due to pixel defect does not occur and it 
becomes possible to perform smear correction of high image 
quality with adequately suppressing the effect of randomized 
noise, 

•ss=r 
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